Abstract Green tea leaves were fermented for 15 and 30 days with Monascus pilosus which is known to produce functional statins (TMs), and the content of various biochemical constituents such as total polyphenol (TP), total flavonoid (TF), theaflavin, and thearubigin were analyzed and compared with that of nonfermented green tea (GT) and Pu-erh Chinese post-fermented tea (PU). In addition to the electron donating ability (EDA), ferric iron reducing power (FIRP), xanthine oxidase (XO) inhibitory activity, superoxide dismutase (SOD)-like activity, iron chelating activity (ICA) and hydrogen peroxide contents were also measured and compared with that of GT and PU. Content of TP and TF in the water and ethanol extracts in TMs were lower than those in GT and PU. Theaflavin and thearubigin contents of water and ethanol extracts in TMs were higher than those of GT. And, these components were increased depending on the period of fermentation. While, EDA and FIRP of TMs were lower than those of GT, XO inhibitory activity of TMs was higher than nonfermented tea. While, ICA of TMs was slightly higher than GT and PU, the content of hydrogen peroxide in TMs was markedly lower than GT. This results suggested that the green tea fermented by M. pilosus was valuable for oxidative stress-induced diseases by decreasing hydrogen peroxide, and forming theaflavins and thearubigins with functionality of genus Monascus.
Introduction
Tea has been cultivated and consumed in Korea for more than one thousand years (Matsumoto et al., 2004) . Today, it is the most widely consumed antioxidant components-containing beverage in the world. It is reported that tea leaf may prevent metabolic syndrome, mutagenesis and cancer due to various antioxidative polyphenols such as epicatechin, epicatechin gallate, epigallocatechin, epigallocatechin gallate, flavonoid, and theaflavins (Ohe et al., 2001) . For the extraction of effective tea components, it is generalized that tea leaf has withering, rubbing, panning and/or stemming, and fermentation treatment for allowing new flavor and function. Therefore, it is classified as non-fermented tea (green tea), semi-fermented tea, fermented tea (red tea) and postfermented tea (Pu-erh tea). Moreover, in the process of tea fermentation, theaflavin and thearubigin (Sang et al., 2003) and (−)-gallocatechin and gallic acid were produced (Nakamoto et al., 2009) . Theaflavin can prevent oxidative DNA damage by inhibition of reactive oxygen species (ROS) (Sang et al., 2003) . It is reported that excessive ROS generation due to smoking, drinking, fatigue and/or disease status could stimulate aging, cancer, inflammation and metabolic syndrome such as hypertension, atherosclerosis and diabetes (Danrong et al., 2009 ). However, there were a little studies on the comparative differences between the green tea and fermented tea and also, on the tea fermentation by new functional microorganisms. The species of genus Monascus produces monacolin K, which inhibits cholesterol biosynthesis (Endo, 1980) and stimulate of bone formation and decrease bone fracture (Edwards et al., 2000; Choi and Yu, 2004) .
In this study, post-fermented tea was prepared with green tea leaves using by Monascus pilosus, as well known functional microbe, to develop advanced-functional fermented tea, and antioxidant activities of the teas during fermentation periods were compared.
Materials and Methods
Microorganism, medium and tea fermentation. Tea (Aspalathus linearis) leaves were obtained from Hadong-gun in Gyeongsangnam-do, Koera in September 2010. Pu-erh tea identified by Wooricha Culture Association, Inc., Korea purchased from China's Yunnam Province. M. pilosus KCCM 60084 for fermentation, obtained from the Korean Culture Center of Microorganisms. M. pilosus seed culture was prepared as described by (Youn et al., 2003) and used as a starter. The pH of all media was adjusted to 6.0 prior to sterilization. 600-700 g of panned tea leaves were fermented with M. pilosus in a polypropylene bag with air filter at 30 o C for 15 and 30 days. The fermented teas were sterilized at 121 o C for 30 min, then dried at 40 o C until the moisture content was 2-3%. Tea brewing and ethanol extraction. One gram of tea sample (one tea bag) was brewed one time for 5 min with 100 mL of boiled distilled water using Tea Extractor (Damian Tea Co., Anyang, Korea). And, in order to compare the water soluble and un-soluble fractions, 70% ethanol extraction was performed three times, and the extracts was pooled, and filtered through Whatman No. 2 filter paper. Content of total polyphenol. Total phenolic content was determined by the Folin-Ciocalteu method (Minussi et al., 2003) . A sample solution of 100 µL was added to 2 mL of 2% sodium carbonate, mixed thoroughly and allowed to stand for min. Then, 100 µL of 50% Folin-Ciocalteu reagent was added and the mixture was mixed well. After incubation for 30 min at room temperature, the absorbance was measured at 750 nm. A calibration curve was obtained using various concentrations of gallic acid (Sigma-Aldrich, St. Louis, MO). The total phenolic content of the sample was expressed as mg of gallic acid equivalents per gram of dry sample. Content of total flavonoid. Total flavonoid content was determined by the method of Maeda et al. (2005) . A sample solution of 800 µL was added to 2.4 mL of 2% aluminum chloride, mixed thoroughly and allowed to stand for 10 min at room temperature; the absorbance was measured at 415 nm. A calibration curve was obtained using various concentrations of naringin (Sigma-Aldrich). The total flavonoid content of the sample was expressed as mg of naringin equivalents per gram of dried sample. Contents of theaflavin and thearubigin. Content of theaflavin (TF) and thearubigins (TR) were measured by the spectrophotometric methods of Ullah (1986). 10 mL of the tea extracts was mixed with 3 mL of 1% anhydrous disodium hydrogen phosphate solution and the mixture was extracted with 10 mL of ethyl acetate by thoroughly shaking for 1 min. The separated bottom layer was drained and the ethyl acetate layer (TF fraction) obtained was used in the analysis.
Extract-1: 10 mL of TF fraction was diluted to 25 mL with methanol.
Extract-2: To 1 mL of tea extract, 1 mL of 10% (w/v) aqueous oxalic acid and 8 mL of water were added and increased to 25 mL with methanol.
Absorbance of E1 and E2 at 380 nm were obtained on the above two extracts after applying suitable corrections for the extract strength and actual volumes used. TF and TR were then calculated as follows:
Xanthine oxidase (XO) inhibitory activity. Milk XO, partial purified, was obtained from non-sterilized fresh milk by extraction, ammonium sulfate fractionation and dialysis according to the method of Özer et al (1999) , and stored at −70 o C until using to determine XO activity. The xanthine oxidase inhibitory activity was evaluated by the method of Stirpe and Della Corte (1969), which consists of spectrophotometric monitoring of the formation of uric acid from xanthine. The sample solution (100 µL) was added to 3.15 mL of 0.1 M phosphate buffer (pH 7.4), partial purified milk xanthine oxidase and 60 µM xanthine. The reaction mixture (3.5 mL) was incubated at 30 o C for 5 min, and absorbance of the mixture was measured at 292 nm. The inhibition activity (%) was calculated using the following formula, (%)=(1−(A smple / A control ))×100, where A sample is the absorbance of solution when the sample is added at a particular concentration, and A control is the absorbance of the reaction mixture without the test compound. Electron donating ability (EDA). The 1,1-diphenyl-2-picrylhydrazyl (DPPH) method was used to determine radical scavenging activity of the samples according to the method of Blois (1958) . Various concentration of sample solution (0.2 mL) were added to 2.8 mL of ethanolic DPPH (0.2 mM) and mixed thoroughly. The mixture was left to stand for 30 min in the dark at room temperature and the absorbance was measured at 520 nm. The EDA (%) was calculated using the following formula, EDA (%)=(1−(A sample /A control ))×100, where A sample is the absorbance of solution when the sample is added at a particular concentration, and A control is the absorbance of the DPPH solution. Superoxide dismutase (SOD) like activity. SOD-like activity was estimated by the method of Martin et al. (1987) . Sample solutions (100 µL) were added to 3.0 mL of 50 mM phosphate buffer (pH 7.4) containing 1 mM EDTA and 60 µL of 5 mM hematoxylin, and mixed throughly. The mixture was incubated at 25 o C for 5 min and the absorbance was measured at 560 nm. The results were expressed as the percentage of inhibition of hematoxylin autooxidation rate with respect to the reaction mixture without the test compound. Ferric reducing antioxidant power assay. Ferric reducing antioxidant power (RP) of tea sample was determined by the method of Oyaizu (1986) . Briefly, 0.75 mL of extract was mixed with 0.75 mL of 0.2 M phosphate buffer (pH 6.6) and 0.75 mL of 1% potassium ferricyanide. Reaction mixture was incubated at 50 o C for 20 min. After incubation, 0.75 mL of 10% trichloroacetic acid was added and centrifuged at 1,000×g for 20 min. 1.5 mL solution from the upper layer was collect and mixed with 1.5 mL of distilled water and 0.3 mL of 0.1% ferric chloride. Absorbance of all the sample solutions was measured at 700 nm. Ascorbic acid
